Several important areas for the use of germanium spectrometers would be opened if these detectors could be successfully operated at temperatures considerably in excess of 77°K. Precise measurements on a series of detectors made from different high-purity germanium crystals and on one lithium drifted germanium detector indicate that the resolution does not degrade significantly until nearly 150°K is reached.
More recently Annantrout has claimed that the operation of lar&e gennanium detectors at temperatures in excess of 200°K is theoretically feasible although he presents no data to indicate that such a result is attainable. 2 He also implies that high-purity germanium detectors can be operated at higher temperatures· than can lithium-drifted devices.
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Measurements on a series of both high-purity and lithium-drifted germanium detectors fabricated from the wide variety of crystals that are available to us will, hopefully, provide the practical information the detector user needs. The purpose of the present paper is to report this infonnation.
EXPERIMENTAL ARRANGEMENT
The temperature of the detector was controlled by varying the power dissipated in two Zener diodes mounted in two thin-walled stainless steel tubes that support the Al plate on which the detector 'rests. The stainless steel tubes provide the thermal resistance between a liquid nitrogen-filled tube and the Zener diodes.
This thennal resistance could be easily changed by varying the exposed length of stainless steel tube to permit coverage of a wide temperature range, but such changes were unnecessary for the temperature range covered in the experiments reported here. The minimum temperature used here was 90°K. AnAl enclosure, whose temperature was essentially identical to that of the detector, completely surrounded the detector in all experiments.
This thermal shield was necessary to prevent infrared light emitted from the room temperature walls of the outer A1 cap of the cryostat from reaching the detector. If no thermal shield was used, measurements of leakage currents less than 10-10 A would be meaningless insofar as this study is concerned since the measured current would arise mainly from infrared . .
generation. Lack of a thermal shield caused the high currents Armantrout measured at low temperatures.
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The temperature of the detector was monitored by a carefully calibrated thermocouple attached to the Al plate on which the detector rests.
Temperature measurements were accurate to about± 1°.
The leakage current was measured ·between detector and ground using a Keithly Electrometer Model 601. The voltage drop across this meter was kept below 100 mV to reduce any leakage currents across insulators or connectars to a very low value. Since transients on the bias, radio frequency , interference, etc., produce de components due to the nonlinear V-I characteristics of a detector, the current path was shielded and ground loops were avoided.
RESULTS AND DISCUSSION
Some of the parameters of the detectors studied are listed in Table I . Very symmetric peaks.
Slightly asymmetric peaks.
Very synunetric peaks • G.lard-ring configuration, groove cut through Li contact.
Guard-ring configuration, groove cut through Li contact.
Very symmetric peaks.
Made especially to evaluate the Lidiffused contact contribution to the leakage current.
Crystal grown in N 2 , this results in detectors having extreme charge trapping.
G..lard-ring configuration, groove cut through Li contact.
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Reverse current vs bias data were obtained for each detector at a series of temperatures. At each temperature,
6°C
o spectra were recorded, usually at several bias voltages. All current and resolution measurements were made only after the detector had reached thermal equilibrium, and
.after bias had been applied for a sufficiently long time that the leakage current remained stable. Figure 1 presents the V-I characteristics for detector 214-6.0. The general pattern shown here is typical of every detector studied. Although this detector was depleted when 100 Volts were applied, the leakage current continued to increase with increasing bias at · approximately. the same rate as prior to depletion when the. temperature was slightly elevated (>ll0°K). This characteristic was observed for every detector indicating that the dominant leakage-current source is not the bulk of the detector. Since the leakage current is closely proportional to ~, and prior to depletion the volume is proportional .·to /'Y , one would be tempted to explain the current increase on the bias of a vohune increase if the depletion voltage had not been independently determined. In view of this behavior, the I a: Iii relationship, even below full depletion, is probably due to sources other than bulk current ..
If band-to-band transistions were dominant, the generated current would be given by'+ and a slope of about 0. 7 eV would be expected when log I against 1/T is plotted.
(1)
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Figure 2 presents such a plot for detector 214-6.0. The data plotted were obtained with 100 Volt bias. Since the shape of the V-I curves are similar above 100°K the log I vs 1/T slope is essentially independent of the bias chosen. The measured slope of about 0.35 eV is typical of every detector studied, strongly indicating that band-to-band generated current is not dominant. Furthermore, the calculated band-to-band current in this temperature range is many orders of magnitude less than we experimentally obtain.
Below about 120°K the measured leakage current invariably was greater than a straight extension of the log I vs 1/T line from higher temp'eratures would provide. Since measurement of these very low currents is difficult the divergence can possibly be explained by measurement errors, although additional current generated by the detector may be respon5ible. · Background radiation also causes current amounting to about 5 x 10-14 A for detectors of this size.
Leakage current measurements were made on detector 195-3.2 up to 288°K to see if the band-to-band generation current became dominant at the higher temperatures. A plot of log I vs 1/T over this extended temperature range is shown in Figure 3 . The data plotted were obtained with 500 V bias.
Although the higher temperature points diverge slightly from the straight line drawn through the lower temperature points this divergence can be explained by the effect of the additional T dependence that should be included if a straight line is desired, and by self-heating of the detector. Calculations based on Eq. (1) show that a much higher temperature region must be reached before band-to-band current would be expected to become dominant.
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A plot of log I vs 1/T for the lithium-drifted detector 102-3.0 is shown in Fig. 4 . The data plotted were obtained with 500 Volt bias. Both the slope and the magnitude of the leakage current are similar to that obtained from high-purity detectors.
Since band-to-band transitions are not the dominant source of leakage current one must resort to either current generation via traps in the bulk or via surface states of the detector. There are other possible current sources, s~ch as injection at the contacts, but these currents should be relatively negligible in properly fabricated detectors. The ''pancake" detector, 215-5.0, was fabricated in an attempt to determine if the contacts, especially the lithium-diffUsed contact, were causing unexpectedly large currents. As can be noted by comparing the current values listed in Table II , detector 215-5.0 exhibits a fairly typical leakage-current characteristic.
After studying the leakage current relationships tabulated in Table II several pertinent comments can be made.
(1) As mentioned previously the log I vs 1/T slopes for all the detectors are very similar, possibly identical within the accuracy of the measurements. As the slope value is nearly E /2 the effec- ...
• --) -..,. Note that there is no significant difference between the temperatureresolution relationship of the lithium-drifted detector, 102-3.0, and the high-purity detectors. The apparent discrepancy between these measurements and the conclusions of Armantroue can be explained by the fact Armantrout
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